Hepatitis C virus NS3 and simian virus 40 T antigen helicases displace streptavidin from 5'-biotinylated oligonucleotides but not from 3'-biotinylated oligonucleotides: evidence for directional bias in translocation on single-stranded DNA.
Helicases are enzymes that use energy from nucleoside triphosphate hydrolysis to unwind double-stranded (ds) DNA, a process vital to virtually every phase of DNA metabolism. Helicases have been classified as either 5'-to-3' or 3'-to-5' on the basis of their ability to unwind duplex DNA adjacent to either a 5' or 3' single-stranded (ss) DNA overhang. However, there has been debate as to whether this substrate preference is indicative of unidirectional translocation on ssDNA. We developed an assay that monitors the ability of a helicase to displace streptavidin from biotinylated oligonucleotides [Morris, P. D., and Raney, K. D. (1999) Biochemistry 38, 5164-5171]. Two helicases identified as having 5'-to-3' polarity displaced streptavidin from the 3'-end of biotinylated oligonucleotides but not from the 5'-end. We performed similar experiments using the 3'-to-5' helicases from the hepatitis C virus (NS3) and SV40 virus (SV40 T antigen). NS3 and SV40 T antigen were able to displace streptavidin from a 5'-biotinylated oligonucleotide but not from a 3'-biotinylated oligonucleotide. NS3 and SV40 T antigen enhanced the spontaneous rate of dissociation of streptavidin from biotin 340-fold and 1700-fold, respectively. The ssDNA binding protein, gp32, did not enhance dissociation of streptavidin from either end of an oligonucleotide. For NS3, the rate of displacement was faster from a 5'-biotinylated 60mer than from a 5'-biotinylated 30mer. The strong directional bias in streptavidin displacement activity exhibited by each helicase is consistent with a directional bias in translocation on ssDNA. The dependence of the reaction with NS3 on the oligonucleotide length suggests that multiple NS3 monomers are necessary for optimal activity.